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NACA ARR ¥o. ILT11f
NATIONAL ADVISORY COMMITTHE FOR AERONAUTICS

ADVANCE RTSTRICTID REFORT

WIND-TTUUNEL INVESTIGATION OF CON.ROL-STRFACE CHARACTERISTICS
XX - PIAIN AND BALANCLD FPLAPS OIi AN RACA 0009
RECTANGULAR SZMISPAN TAIL SURFACE
By I. Elizabeth Garner

SUMMARY

Force-test measurements have been made in the Langley l-
by 6-foo% vertical tunnel to deterwine the asrodynanic
charccteristics of an NACA 0009 semiepan tall surface of
rectangular plan form equlpped with flaps of varlous nose
shapes and overhanzs. The flap chord was 30 percent of
the aivrfoll chord, & few tests were niade to determine
the effectiveness of a balancliug tab on various flap
arrangemente.

The test resulte indlcated that the slope of the
1ift curve was affscted 1little by the amount of overhang
and the balance nose shape but was lncreased Ly sealing
the pap at the flap nose. At zero ungle of attack, the
varlation of 1ift with flap deflection for the sealed-gap
condition was the same as or =lightly creater than for
the unscaled-gap condition, The change in the hinge-
moment coefficlent with angle of attack or with flap
deflection generally was made :iore negative with sealing
the gap. The effectivencss of the Lalancing tab in
reducins the flap hinge-moment coefficients was approxi-
mately the same for both the sewuled plain flap and the
unsealed 35-percent-flan-chord elliptical overhang; also,
the variation of 1ift coefflclent with tab deflection was

about equal for the plain flap and for the flap with aero-
dynamic belance.

In three-dimensional flow, the rmeasured values of
the lifi-curve slope were slightly lower and the measured
values of the hinge-moment parameters were more positive
than the values of the parameters calculated from the
data of previous investigations in two-dimensional flow
by lifting-1line theory, modified by the edge-velocity
correction, Application of aspect-ratio corrections
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determined from a 1llfting-swrface-theory solution for an

elliptical wing made tre computed values of the varilation
of the hinge-moment coefficient with angle of attack very
closely aoproach the measured values,

INTRODUCTION

The NLCA 1s conducting an extensive investigation
of the aerodynamic characteristics of control surfaces
in tvo-~dlnersional and thrce-dimensional flow in order
to orovide design data and to determine flap arrangements
guitable For use as control surirces, A serics of tests
has been woade to d3termine the effects of overhang, nose
shape, and gap on the aerodynaulc cheracteristics of an
NACA GQ0O9 alrfeil in two-dimensional flow; the results
are prezented in references 1 to /i and swmarized in
refevence &,

“The mresent Investifution consisted of tests in
three-dimensional "low of an WACA 0009 rectangular semi-
span tail surface, Thée purpose of this investigation was
to help establish a correlation b2iween amerodynamic char-
acterisitce in two-dimensional and three-dimensional flow.
Throurch the use of a surfuce havine constent airfoll,
flap, asnd balance chords, only relatively simple plen-
form corrections were required when approximate correc-
tions wore used,

SYMBOTS

The coefficients and the symbols used in this paper
are defined as follows:
Cp 1ift coefficient (I/q3)

drag coefficient (D/3S)

pitching-moment coefficient about 0.35c axis (M/qSe)

flap hinge-moment coefficient (Hr/aS§°be)
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where
L
D

twlec 1ift of semispan model
twice drag of scmispan model
twice pitehing rnioment of sendspan model

twlee flap hinge moment »f semizpan model

dynamic pressure (%,Va

twlice area of serisnar .anGel

twice flap span of semispan model

chord of airfoil with flap and tab neutral.
root-meéan-square cnord of flan

mass density of air

veloelty

aspect ratio

twice snan of semispan model
chord cof flap

chord of ovverhang

anszle of attack of model

flap deflcetion relative to a'rfoil; positive when
treiling edge 1s deflsicted downward

tab defl:ction relative to flap; positive when
trailing edpgo 1s deflacted downward

conctant used In determlning Jet-boundary hinge-
moment corrcotion

edsc-vcloeity corrsction factor (sec¢ reference 6)
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The subrerint catsida the narehtheses irdisstes the factor
held chrstant in deterwinling the- reraneter.

APPAPATU3, ¥CDWL, &4 75 70878

Nra N

The teste wspe mnde 1n tre Trrplery he by é-fcot

vertical tunnel frefercrce T) wodified ze Jiscussed in

= =3

refercnce 2. The Z-faot-chard by fool-soic-an medel
was @ade of leinate- muhersany end conforned to the
dimens.ecns of Tipwe 1 wrnd te the TACE (CO9 rofile, the
tatlons and ordinatee of whlich a0 ~licn in table T,
Since the tail swrfece had o tip of rovelution, the tin
plan form was the same ces tie cceniecur of the upoer and
lower surfaces of the alrfoil. e £l chord wnse
30 percent of the airfojl chore al csch shrauwise station.
For the complete tall surface renrcesenlied by the sumisnan
model, the asncet ratio was % ani the teper ratio, 1.
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The plain unbalanced flap and the flaps with overhang
balance are shown in figure 1. The 0.35cy and
0.50er overhangs were tested with blunt and elliptical
nose shapes, [See fig. 1 and teble 1I.) The elliptical
nose was a true ellinse falred tangent to the airfoll
contour et the hirge axls. The g&p was fixed at 0.005¢
and for some teste was sealed with a sheet-rub%er seal.

A lirked halancing tab constructcd of brass and
having a fap of 0,70lc was tested on the plain sealed
flap and on the flap with 0.35cy elliptical overhang
with open gap. 1The tab had a ~heord of 0.20c¢ (fig. 1)
and a span S0 nercent of the flap semispan. ghe ratio of
the tab deflection to the flap deflection vas -1:1,

The rectanguler tall surface was tested as a semispan
model by mounting it herlzontally in the tunnel with the
inboard end adjacent to the wall of the tunnel, which
thereby acted as a reflection .lane (fir, 2). The model
was supported entirsly by the dalance frame with a small
clearance at the tunnel wall so that all forcegs and moments
actine on the model could Le measured. The flow over the
model sirmlatesd the flow over the rirht sermispan of a
comnlete tail surface conzlsting of the test panel and
its reflection mounted in an 8- by 6-foot wind tunnel,

The flap hirge moments were obtained by measuring the
amount of twist in a long flexlble torque tube, one end
of which vas ettached to the flap by rmeans of a linkage
arrancement and the other end of which extended outside
the tunncl to a calivrated dial.

The tests were mede at a dynamic precsure of 15 pounds
per square foot, whlch corresponds to an air velocity of
about 76 miles per hour at standard sea-level conditions.
The test Reynolds number was 1,430,000 and the effactive
Reynolds number of the tects was arproximately 2,760,000,
(Zffective Reynolds number = Test Reynolds numher x Turbu-
lence factor, For the Langley L- by 6-foot vertical
tunnel, the turbulence factor is 1.97,)

Tt 1s estimatad that the angle of attack was set
within #0.19 and that the flan deflcetion was set
within #0,2°,

Jet-boundary correctlions, theorctically determined
according to the method given in reference 0, have been
applied to the data, No corrections have been made for

B T
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the effent or £ap hetween the poot S¢etion and the tunnel
wall or the loakags around the suanortin: torque tubr,
The over.al) corrections applica (b~ addition) to the
tumnel data are as followse

Aa

acy
acp

2%
EL

where Lk ig 4 constent lerenient on the chord of the
overheng ag followas

0, 0100
07
005

DISCU33Iey

Lire

., Sealirpg the gan at the flep nose increasag the slope
of the 1irt curve o |, (See fiee, % ogo 12 and tahle ITT.)

With the rep eithe: cealed o ungaled, the balenze nosa
shape ang the arount of overnangs anpesr io have n3rllcidle
effect upen the values of Cra

A sSurmary of thre lift effeetivenesg Piaranetons as,.
for the various flap eonfigurations is ziven in table 17T,
The 1irt cffectivanneg was groatest fop tte unsealeq flans
with blunt.nose overhangs; however, stgl] occurred at
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lower flap deflections on the blunt nose than on the
elliptical nese. 'With gap sealed, the values of the 1lift
effactiveness paramneters were aprroximately the same for
all flaps except for the 0.50cy elliptical-nose over-
hans, which had a value sonewnat smaller., At zero angle
of attaclk, the chanze of lift with flap deflection for
the sealcd-gap conditicn wac the same as or =lightly
greater than for the unsesled-gap condition.

Biare Moment

The curves of section hingce-moment coefficient were
shown in reference 5 to be linear over an approximate
range of angle of attack of 15° and for flap deflections
up to 15°; whereas the curves for the finite-span tail
surface (figs. 3 to 12) were, in g2neral, nronlinear.

“lap oscillations {noted on the hinge-mouwent-
cosfficient curves by dashed lines) occurred on some
balance arrengements as a result of huffeting dus to an
alternately stalled flow condition. The oscillations
incrcased with flap deflection, overhanc, and ursealing
the g&p. The ellistical-nose 7lap pave oseillaticns over
a larger range cf angle of attzek and flap dellectlon
than the blunt-nose flap. Since a flexible torque tube
was userd 1n measuring tne flan hinge roments, the oscil-
lations depend partly on the itoryus tube and partly on
the mass balance of the flap. Jecuause of the heavincss
of the model, the nscillations may te more severe in the
wind tunrel than in flizht.

The binge-moment parametors for the various arrange-
ments tested are glven in table III. The parameter chf
a

was measured at 1 = &p = 0° and Cng, » betwcen

8 = 0° and 59. Although weasursd st only one point or
over a suall range, the valu2s of the osarameters are
ugeful in comparing some relative merits of the various
balance arrangenents tested.

Sealing the gap at the flap nose, except on the plain
flap, made the value of chfa nove in a negative direc~

tion; se¢aling the gar made the value of chfb move in a

negative direction, except on the 0.50cy blunt overhang.
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The O.Sch overhang produccd overbalence throurh

a part of the range of flan deflectlon recirdlsss of the
nose shape and gap. (See Tips, 9 to 12 and tadbie I1I.)
Overbalance occurred over a wider range of angle of
attack erd flap deflectlon in the sectlon duta prerented
in refcrence 5 than in the finiite-span data of the
present investigation.,

Dreg

Although the drag coslficlients cannot be coneldered
ahsolute because of an unknown tunnel correction, the
rolatlve values may ve inde.eundent of tunnel effecte,

The Adrap confficlents as functlonz of anpgle of attacx ut
various flap deflectlons are showa in fifurecs 3 to 12,

The wminimun drag coefficlient wus ~htained with the plaln
genled flap end had the value of 0.0110, At larece flap
deflactions for positive an;l¢s of nttack, the drng coef-
ficients generally incieased with increuse 1l coverhana

and were hisher for the bluan't nosc than fer the alliptleal
nose.

™e drag coeffizisnts are plotted Iin firure 15
agalnst the 1ift coefflelents for the 0.35%¢y blunt and
elliptical overhuange, sculad ard uwnsgealed, with a = 09
and 8, ranging from 3° to 300. For ull these arrange-
ments, the dreg cocfficients were the same a®t enall 1ift
ecovfficicnts end flap deflections. At larse flan deflec-
tlons, the 8lliptical nosec save ore 11t than the blunt
noge with approxirmutely the saue wrcunt of drug.

Pitchins ijosent

The pitching-nomont paramelcrs (cmc and (cm )
', I
T -

{table IIT) indlcate the positioa of ilic ac Lrnunie conter
of the airfoll with respect to ths .55 roint,  hen
the 11ft vas vorind by chongine e onyg attack with
the flap neutral, the aecvodynuaie sentox v lccated at
the C.22c¢c ¥ 0,Cle cstatlen for e vevious [lup arrange-
ments tosted, The acrolnamle cenbir of 1lift uve to flap
deflection was located at ths (.5c ¢ 0,0Lc station, but
there was no systematic variation with chingrez in Lalance
arpangement; ti.e poirt noved resrwurd winrcoximately

18 percent with a decrease from infinitc wepeel ratio to
an aspecct ratio of 3.
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Tab Characteristices

Previous 1nvestipations have shown that the tab
characteristics of a balanced flap are similar to those
for a tub on a plain flap and ure geéenerally Independent
of flap nose shapes hene3, only a linmited investigation
of tub charscteristles has besn i:ade, This investlgation

. : ¢8
consisted of tests of a balancing tab with —t = -1
on the plain sealed flap (fig. 2L) &nd the unscaled
0.55(:f elliptical overhang %rig. 15}.

"he value of COp,_ , which shows the effectlveness
rét

of the tabd in reducing the flap hinge-moment coefficlents,
was aoprorimataly the same for Loth flaps tested; the
value was -0,005 for the secled nlain flap and -0.,00L for
the unsenled O.55cf overhans, As was expected, the use
of the bhalarcing tad resulted in emaller ilnecrements of
11t wren tre lap was diflected, "hre varietlon of 1ift
cosfficient with tab deflection was aprroximately the

same for both the nlaln flup and the 0.3%¢y overhang.

™e overbalanze of the flap with G.Sch overhang,
which has been nreviously discussed, could be overcome
by ths use of a differentially opereted unbalancine tab
defluctcd in the sane diroction &3 the flap.

Coﬁparison with Data in Two-Dimensionel Flow

The 11ft and hinge-mouent parareters ol the alrfoll
and flan werec computed from data in two-dinensional flow
accoraing to the metliod of the lifting-line theory pre-
sented 1n reference 5. Ldge-velocitr corrections to the
liftinr-line thecry for the efrect of the chord (refer-
ence 6) were apnlied in the computation of cLu with the

substitution of values for E for the elliptical plan
form cf the same aspect ratlo, where E 1z the ratio of
the semiperimeter to the =span. Corrections for streamline
curvature for an elliptical plan form were appllied to chf

a
{roference 9). These methods of coumyuting ¢;, and th
a

are believed to be the most accurate methods available at
the oresent timo,
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The 1ift ard hinge-monent parameters, both the

‘measured velucs and the v-lues cenouted Trem section data,

are riven in taktle ITI, The nedium-ncse overiaang raferred
to in reference 5 Lad the =&an9 nese shape as the elliptiecal-
nose overrang tested in the prurent investication. Tunnel
corrections, theoretically deiermined 1n a munner similar

to the method presented in reierence 8, were applied to

the sectlon ninge-moment coefilelents of reference 5

befoire the paramstecrs were calculuted.

The czleulated slope of the 1ift cwurve geneérally was
8lishtly kigher than the measurcd slcpe. The values of
the sceticn 1ift eflectivensss jarureter ase for the
plain flap and for the flap witk 0.%5¢cp, overhang agreed
reasonably well with the finlie-zsnun vaiuner, but the
section values for Lhe flep with U.SOef overhang were
more na3gutive than the {inite-span values, Bucauze the
flap choré was a constant porcentage of the airfoil chord,
no cerrcctions were reecessary for aspect ratio.

The comnouted and measurod flan hinge-nioment parameters
are compared in fi,ure 1lh, The values ot chf and chf
6

conputed ty ure of liftinr-1line thecry wcre more negative
than the reaswvwred voluse. Annlizabion of additionul
aspect-ratio correctionc, deteruined from a lifting-
surface~theory solution for an ellintierl wing (reference 9),
made tlic commuted volues of chr mere ncaitive so as to

2

approach more nrearly the =measured valuer of chfa. Aspect -

ratlo corrections detsrmined by lifting-surface theory are
not y2t available for O, .
faf

CONCLIISIONS

Tests have heen made 1in thrce-dimensional flow of
an ¥ACA 0009 rectangular aemispan teill surface ejuippsd
with a plain flap and with balanced flops of blunt and
elliptlcel noce shapes. The flap chord was 30 nercent
of the airfoll chord. The results of the present tests
and a ccmparison with previously published rcsults of
tests of the =ane airfoil in two-diensaional flow indi-
cated the follow!ng conclusicns:

—
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1, Sealing the gap at the {lap nose ircreased the
glope of the 1ift eurve, but the balancé ncse shape and
the amount of overhang had little effect on the rclope.

2, "he effectiverass cf the flap ;EL) was
Oobp Ju

greatcat for the unsealed blunt-nose overhanpgs, but stall
ovar tiie flan oceurred at lower flap deflectlons on the
blunt-noge than on the elliptical-noce flups., At zcro
angle o:i wttacl, the varviatloa of 1ift with flup d=rllec-
tion rzaunired tre same or 1ncceased with sealing the gap
at the flap nose,

2. Sealing the gap at the flap rose mads the varia-
tion of tre flap hinge-moment ccefflcleant with angle of
attack or with flan deflection generally move in a nega=-
tive dlrection.

ha The 50-percent-{lap~-chord overhang was over-
balanced over & part of the flap deflection range regard-
less of the nose shepe and the gas at the flap nose.

5., Vten the 1ift was varied b+ changing the angle
of mttac!: at & flap deflection of 09, the¢ aerodynamlc
center vos lncated st avproxinatelv the Z2-percent-chord
statlinn I'or all arrcnegsnents tested, '[he aerodynamic
cente» of 117t du: to flup deflection (the aspect retio
being 3) was loeatnd at nr a~ar the Sl-percent-chord
statlon ¢nd showed slight bt not systematic varlation
wlth »alonen chaarce,

4. At large flap deflestlons for nesitive angles of
attac’, thro drag coefficients rcuaerslly increesed with
an inercese in overhang ernd were higher for the blunt
nose thuar for the e€lliptlical nose; at large flan deflee-
tions, the ellinptlesul nore fave mere 1ift than the blunt
nose witl aprroximately the seme arount of drag.

T. The effectivences of the tab in rcdaclng the flap
hinge-morent coefilcients wars sporoximately the same for
both the senled plaln f£lap and tic unscaled 35-percent-
flap-cl.oré clliptical overahangs; aleo, the vuriatlon of
lift roecfficient with tab deflecticn was approximately
the same for both thesc flap arrangemonts,

3. The colculatinn of the finite-span 1ift and hinge-
moment nerameters from data in two-dimenclonal flow
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acaeording to the method of lifting-line theory, modifisd
by edre-vcloclty correctlons, showed that the valusze of

the lift-crrvs slope were sllskhtly higher and thre hinpe«
moment noremesers ware more negrtive than the valuss
rneasured in three-dinensioral iJow. Application of
agnyect-ratio correcticns determined freiu a liftins-curface=
theory solution for an elliptlecal plan form made thao
comuted veluce of the varlstion of the “Wingo.memucnt
coefficiont withk anple of attack wore pnositive =0 28 to
aporoach rcre nearly thy measared values.

Langley YPcmoriald Acronauntical Taboralbory
¥aticral Advisory Cormihlee for fercnautles
Langley Miecld, Va.,
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TABLE I
NDINATES FOR NACA 0009 AIRFOIL
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TABIE IT
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